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ABSTRACT 
A total of 30 V. cholerae non-O 1 isolates from river and shrimp pond were identified based on biochemical 
tests, followed by species-specific Polymerase Chain Reaction (PCR) targeting the outer membrane protein 
W (ompW) gene for molecular confirmation. All 30 V. cholerae non-01 isolates produced amplified products 
of 588 base pair (bp). Next, one set of primers (ERIC-R and ERIC-F) were used to assess the genetic 
relatedness among the 30 V. cholerae non-O 1 isolated using Enterobacterial Repetitive Intergenic Consensus­
Polymerase Chain Reaction (ERIC-PCR). A total of27 fingerprint patterns (FPs) with bands ranging in sizes 
from 0.3 kbp to 5.0 kbp were generated in all the V. cholerae non-01 isolates. The ERIC profiles were further 
analyzed to establish the genetic relationship between the isolates through the construction of a dendrogram. 
The dendrogram is comprised of four sub-clonal clusters where it was observed that isolates from different 
origin tended to group together in the same clusters. Different genetic patterns that were produced among the 
isolates showed that ERIC-PCR is able to identify the genetic variations of the V. cholerae isolates up to 
subspecies level. Based on these results, ERIC-PCR had proven to be a rapid and reliable method to study the 
genetic relatedness of V. cholerae isolates from different location. 
Keywords: Vibrio cholerae non-O 1; standard biochemical tests; ompW specific PCR; ERIC-PCR 
ABSTRAK 
30 pencilan V. cholerae non-Of dari sungai dan kolam udang telah dikenalpasti melalui ujian biokimia dan 
disusuli dengan tindak balas rantai polymerase specijik dan pencetus specijik yang mengamplikasikan gen 
ompW. Kesemua pencilan tersebut didapati menghasilkan produk amplijikasi dengan saiz 588 bp. Selepas 
illI, sepasang pencetus pendek (ERIC-R and ERIC-F) telah digunakan untuk mendapatkan kepelbagaian 
genetik 30 pencilan V. cholerae meggunakan kaedah Enterobacterial Repetitive Intergenic Consensus­
Polymerase Chain Reaction (ERIC-PCR). Kesemua pencilan V. cholerae non-Of tersebut menghasilkan 
kepe/bagaian produkyang saiznya di dalam linkungan antara 0.3 kbp dan 5.0 kbp dan sejumlah 27 saizjalur 
yang berbeza. Dendogram yang' dibina daripada profil ERIC-PCR menunjukkan kewujudan empat gagasan 
sub-klonal dimana dapat diperhatikan bahawa pencilan daripada temp at yang berbeza cenderung untuk 
berkumpul dalam gagasan yang sama. Corak penjaluran berbeza yang dihasilkan oleh pencilan-pencilan V. 
cholerae non-Of menunjukkan kaedah ERIC-PCR mampu untuk mengenalpasti variasi genetik antara 
pencilan-pencilan yang diuji sehingga ke tahap sub-spesis. Berdasarkan keputusan yang diperolehi, dapat 
disimpulkan bahawa kaedah ERIC-PCR adalah kaedah yang cepat dan berkesan untuk mengkaji hubungan 
genetik antara pencilan-pencilan V. cholerae non-O f. 
Kala kunci: Vibrio cholerae non-Of; ujian biokimia; ompW. specific PCR; ERIC-PCR 
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Vibrio cholerae is a gram-negative, polarly flagellated, rod shaped bacterium that is an 
autochthonous inhabitant of riverine and estuarine environments. It is best known as the 
causative agent of cholera which is characterized by severe watery diarrhea, as this 
bacterium colonizes the small intestine and produces cholera toxin (Sakazaki and Balows, 
1981). There are two serogroups, 01 and 0139, which had been identified as being 
associated with the epidemic disease (Faruque et a!., 1998). However, there are also strains 
of these serogroups, the non-Ol and non-0139 serogroups that do not produce cholera toxin 
and are not involved in the epidemics. 
Non-Ol isolates, which are readily isolated from the surface water of coastal water 
(Sakazaki and Balows, 1981; Jiang et aI., 1999), possess biochemical and morphological 
characteristics very similar to those of the cholera causing strains. The distinct 
characteristic of non-O 1 strains is that the strains are nonagglutinable with polyvalent 0: 1 
antiserum (Rivera et ai., 1999). These strains have been associated with sporadic diarrhea 
and extra intestinal infection in human (Ghosh et al., 1996; Dalsgaard et al. , 1998; Jiang et 
al., 1999; Nandi et al., 2000; Rivera et al., 2000). 
Although the non-Ol serogroups of V. cholerae continue to be considered of 
neglible significance, and that they have been associated with illness only in low 
percentage of patients hospitalized with secretary diarrhea (Mukhopadhyay et al., 1995), 
it e is known about the risk factors for human infection of non-Ol V. cholerae compare to 
serogroups 01 and 0139 which cause lots of disease outbreak around the world. As the 
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precise contributions of these strains to human infection are still unclear, characterization 
of V cholerae non-O I isolates can contribute to our knowledge of the epidemiological 
behavior of non-O I isolates. It is important to determine the toxigenic potential of non-O I 
isolates since; on occasion they can cause gastroenteritis and extra intestinal infection 
(Ghosh et al., 1997). Therefore, the presence of V cholerae non-O 1 in the environment 
should not be ignored. 
In this study, specific PCR targeting the outer membrane protein W (ompW) gene 
was utj lized in the identification of the V cholerae isolates apart from standard 
biochemical tests. As reported by Singh et al. (2001), all V cholerae strains including 
members of the 01, 0139, and non-OI, non-0139 serogroups from both clinical and 
environment source were positive for the ompW gene. This indicates that ompW gene is 
intact in all V cholerae serogroup. Thus, the presence of the ompW gene only in V 
cholerae isolates (Nandi et ai., 2000) makes it a highly suitable genetic marker for the 
identification of the organism. 
In this study, we further analyze the relationship between all collected V cholerae 
non-Ol isolates by using the Enterobacterial Repetitive Intergenic Consensus-Polymerase 
Chain Reaction (ERIC-PCR). ERIC-PCR is reportedly a powerful tool for molecular 
analysis of V cholerae (Rivera et ai., 1995). ERIC-PCR sequences are short, highly 
conserved 126-bp non-coding regions found in Enterobacteriace (Rafiee et ai., 2000). It 
uses any combination of primers designed to the conserved ERIC region in order to 
generate an electrophoresis banding pattern based on the frequency and orientation of the 
RIC sequences in a bacterial genome and thus genetically distinguish the isolates from 






I. 	 To rapidly detect and confirm the identity of V cholerae non-Ol isolates using 
the Polymerase Chain Reaction (PCR) by targeting the ompW gene. 
2. 	 To examine the distribution of dispersed repetitive DNA sequences In the 
genomes of the V cholerae non-Ol isolates. 
3. 	 To validate the Enterobacterial Repetitive Intergenic Consensus-Polymerase 
Chain Reaction (ERIC-PCR) for the fingerprinting of V cholerae non-Ol 









2.1 Description of the genus 
The genus Vibrio is classified in the family of Vibrionaceae, as with the genus 
Aeromonas. Photobacterium, Lucibacteria and Plesiomonas. The genus Vibrio includes V 
parahaemoiyticus, V anguillarum, V jischeri and V costicola as stated by Sakazaki and 
Balows, 1981. Vibrios are straight or curved in cell morphology with an average length of 
1.4-1.8 ~m. They are facultative anaerobes that have the ability of both fermentative and 
respiratory metabolism. All Vibrio utilize D-glucose by means of a mixed acid 
fennentation as their energy and carbon source but not all Vibrio are oxidase positive . 
Sodium ions stimulate growth of all genus of Vibrio with a growth temperature range of 
20°C to 45°C. Vibrio will grow at pH 9 as they tolerate moderate alkaline condition 
(Baumann and Schubert, 1984). 
Vibrios have the ability to inhabit environments of different salinities based on the 
fact that .the species has ' a wide range of sodium ions concentration requirements for 
optimal growth. Vibrios species have been isolated from fresh water, estuarine and 
brackish habitats. There were also cases reported where Vibrios have been isolated from 
birds, frogs and freshwater fish because of their abilities to enter into a symbiotic 
association with marine animals and zooplankton (Sakazaki and Balows, 1981). 
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2.1.1 Vibrio cholerae 
V cholerae is a non-sporing rod shaped gram-negative bacterium that is motile by polar 
flagella (Baumann et al., 1984). V cholerae is genetically diverse with 200 serogroups 
that can be distinguished on the basis of epitopic variation in the cell surface 
lipopolysaccharide (LPS) by serotyping (Jiang et al., 1999). These serogroups are divided 
into serogroups 0: 1, which included all strains that are capable of causing epidemic and 
endemic cholerae, whereas another serogroup is non-01 V cholerae that had been 
associated mostly with sporadic cases of diarrhea. This species is indigenous to estuarine, 
riverine and coastal site. Ghosh et af. (1996) reported that V cholerae occupy the intestinal 
tract of human as their natural reservoir by multiplying itself in the small intestine and 
produce an enterotoxin, which either stimulates the mucosal cells to secrete large quantities 
of isotonic fluid or increases the permeability of the vascular endothelium. Infections are 
usually transmitted by the oral ingestion of water or food contaminated with this 
bacterium. Due to this property, V cholerae is best known as the causative agent of 
cholera. The 0: I serogroups are further divided into two major serotypes; Ogawa and 
Inaba (Faruque et af., 1998). 
The initial step in the isolation of V cholerae is standardized by observing the 
abilities of V cholerae in fermenting sucrose on TeBS agar. TeBS agar is an abbreviation 
for Thiosulfate-Citrate-Bile Sucrose Agar and it is a very selective medium for V cholerae 
because the alkaline pH, salt content and presence of bile salts, inhibits the growth of most 
microorganisms. V. cholerae utilizes sucrose as a fermentable carbohydrate. With this 
. ity and the presence of bromophenol blue and thymol blue indicator in the agar, the 
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sucrose fermenting V cholerae colonies appear as smooth, opaque, thin-edged yellow 
colonies on the agar (Sakazaki and Balow, 1981; Chopun et al., 2002). 
2.1.2 Vibrio cholerae 000-01 isolates 
As mentioned earlier, non-Ol serogroups of V cholerae possess biochemical and 
morphological characteristics very similar to those of the cholera causing strains but are 
nonagglutinable with polyvalent 0: 1 antiserum, other by their own antisera. They occur 
naturally in brackish water in region where indigenous cases of cholera are not known to 
occur (Baumann and Schubert, 1984) and are frequently isolated from the aquatic 
environment and seafood. V cholerae non-Ol isolates, which represent a heterogeneous 
group comprising of more than 140 serogroups (Ghosh et al., 1997) had not been 
associated with the cholera but can cause sporadic diarrhea (Faruque et at., 1998). 
Jiang et al. (2003) reported that 17% of non-Ol serogroups of V cholerae have 
shown to produce cholera toxin, although the majority lack the virulence gene cassette. 
Instead, they produce several other extra cellular products such as NAG-specific heat­
stable toxin, a thermo stable direct hemolysin, Shiga-like toxin and hemagglutinin, which 
plays some roles in the disease processes (Singh et al., 2001). Pathogenic non-O 1 
serogroups may have a selective advantage over non pathogenic strains, with an ability to 
colonize the human intestine and become toxigenic as reported by Rivera et at. (2001). In 
Malaysia, extensive studies have been done on V cholerae 01 from clinical samples (Son 
el a/., 2002). However, little is known about the presence of non-Ol serogroup isolates 
the environment in the state of Sarawak. 
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2.2 Isolation and identification 
Identification of V eholerae is usually achieved by various biochemical tests but according 
to Nandi et af. (2000), the tests required so much effort and are very time consuming. He 
also added that the test was not accurate as V eholerae expressed close relatedness with 
other Vibrio spp and Aeromonas spp in their biochemical properties. Vibrio cells may also 
enter a viable but not culturable (VBNC) state, caused by nutrient starvation and physical 
stress. This may explain the failure of traditional culture techniques to isolate this 
organism from contaminated water and food samples implicated in food-borne outbreaks 
(Roszack el al., 1987). 
However, through the advances in molecular techniques, PCR-based diagnostic 
methods are being utilized in identifying V eholerae strain by specially detecting various 
protein genes such as cholera toxin subunit gene (etxA), toxin coregulated pilus (TCP) and 
outer membrane protein W (ompW). This technique had successfully in differentiating V 
cholerae from other serogroups (Field et al., 1992; Dalsgaard et aI., 1995; Ghosh et. al., 
1997) and the technique is more rapid and less troublesome than other diagnostic method. 
2.3 Fundamentals of Polymerase Chain Reaction (PCR) technology 
The polymerase chain reaction (PCR) is a method for oligonucleotide primer directed 
enzymatic amplification of a specific DNA sequence of interest. This technique is capable 
of amplifying a sequence 105 to 106-fold from nanogram amounts of template DNA within 
large background of irrelevant sequences (e.g. from total genomic DNA). A prerequisite 
for amplifying a sequence using PCR is to have known, unique sequences flanking the 
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segment of DNA to be amplified so that specific primers can be made. The peR product is 
amplified from the DNA template using a heat-stable DNA polymerase from Thermus 
aquaticus (Taq DNA polymerase) and using an automated thermal cycler to put the 
reaction through 30 or more cycles of denaturing, annealing of primers and polymerization. 
After amplification by peR, the products are separated by agarose gel electrophoresis and 
are directly visualized under UV light upon staining with ethidium bromide. The target 
sequence to be amplified is ideally 200-400 bp in length, with an upper limit of probably 
around 3 kbp (Strachan, 1992). 
2.3.1 Outer membrane protein W (ompW) gene 
Outer membrane protein W (ompW) is the V cholerae peptodoglycan-associated-outer­
membrane protein that is produce in minute amount because it is a minor protein in V 
cholerae with no distinct function. Rivera et al. (2000) had suggested that it could function 
as a survival property within both host and environment by adherence process. It is a 
highly conserved sequence in all V cholerae serogroup as reported by Singh et al. (2001) 
and this makes it a highly suitable genetic marker for the organism by performing species­
specific peR. 
In this study, the species-specific peR for V cholerae used a pair of specific primers 
that had been designed to amplify a fragment of 588 bp in size from this gene. These 
primers are important in amplying target sequences in the genomic DNA of V cholerae 
and it shows 100 % specificity only to this species ( Nandi et al., 2000). 
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2.4 Genotyping of Vibrio cholerae non-01 strains 
Genotyping is originated from the word "genetic typing" and it is also known as DNA 
fingerprinting. It is a technique to distinguish between individuals of the same species 
using only samples of their DNA. The technique was first invented in 1985 by Sir Alec 
Jeffreys at the University of Leicester. Genotyping methods may be compared on the basis 
of a range of criteria, including sensitivity, availability reproducibility, rapidity, ease of use 
and cost. The most important characteristic is the discriminatory power (Wassenaar and 
Neweel, 2000). Some genotyping methods have been developed during the past decades 
and some of these methods are based on differential hybridization of matches versus 
mismatches probe-target heteroduplex (e.g., Taqman), whereas others, such as primer 
extension, template-directed ligation, polymerase-based (e.g., ERIC-PCR) and flap 
endonuclease cleavage (e.g., AFLPs and RFLPs) that used enzyme specificity (Wolfe et 
01.,2002). 
Genotyping techniques are now frequently used for epidemiological investigations 
of many infectious diseases. One example is the epidemiological studies of Bovine 
tuberculosis in Australia where three genotyping techniques were evaluated; RFLPs 
analysis with DNA probes from IS611 0, the direct repeat (DR), and polymorphic GC- rich 
sequences. Subsequently these techniques had identified 77 strains (Cousins et al., 1997) . . 
Before the 1970s, molecular analysis of V cholerae was limited due to the lack of 
suitable typing system. However, recent development in DNA-based technologies have 




characteristic of V cholerae on a large global persepective and allowed molecular 
infonnation of tbe samples to be obtained rapidly and easily (Faruque at al., 1998). 
Due to the availability of these various molecular techniques, the genetics diversity 
of V cholerae 01 and 0139 had been studied extensively focusing on the virulence traits of 
these two isolates (Jiang et al., 2000). Still, V cholerae non-O 1 strains are neglected in the 
study of genetic diversity due to the lack of pathogenic potential. However, the emergence 
of the 0139 strain in the late 1992 in India that had caused epidemic cases had made 
investigators shift some of their focus into studying the genetic diversity and population 
structure of V cholerae non-01 strains (Sharma et al., 2000). 
Genotyping can be useful in assessing the risk of contracting cholera, intestinal or 
extraintestinal infection via drinking water and/or seafood. A standardized ribotyping has 
been proposed for V. cholerae 01, with a total 17rRNA gene restriction patterns observed 
after BglL cleavage (Rivera et al. , 1995). Detailed analysis can be performed by direct 
nucleotide sequence analysis of specific regions in the genomes, but this technique is not 
applied in all microbiological laboratories. Thus, it is not practical in applying it in the 
study of V. cholerae non-O 1 isolates. 
Bik et al. (1996) had stated that genotyping is important for differentiation of V 
isolates and for recognition of isolates with epidemic potential. Furthermore, 
through ERIC-PCR we had found out that although nontoxigenic clones from the aquatic 
nment contribute to most of the clonal diversity, the species demonstrates a 
pandemic population genetic structure, with genetic information exchange between clones, 
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making the aquatic environment source of novel pathogenic V cholerae outbreak strains. 
This finding strongly indicates that non-pathogenic strains of V cholerae non-Ol have the 
potential to evolve and accept the transfer of cluster cholera pathogenic genes such as CTX 
and TCP gene (Zo et al., 2002). 
1.S Enterobacterial repetitive Intergenic Consensus (ERIC)-PCR 
ERIC-PCR is a PCR based on primers that target Enterobacterial Repetitive Intergenic 
Consensus sequences which is a short repetitive sequences dispersed throughout various 
bacteria genomes (Rafiee et al., 2000; Ventura et al., 2003). Khan et al. (2002) reported 
earlier that southern hybridization and PCR amplification had indicated ERIC or ERIC-like 
sequences is presenced in a vast variety of eubacterial species. ERIC region are 126 bp 
long and uses any combination of ERIC-PCR primers designed to the conserved ERIC 
region and have expressed various properties underlying it capabability in genotyping 
technique such as restricted itself in transcribing regions of the genome, either in 
untranslanted regions upstream or downstream of open reading frames or in intergenic 
regions of polycistronic operons. It also express novelity and highly conserved at the 
nucleotide sequence level (Rivera et al.,1995) but according to Hulton et al. (1991), it 
showed different choromosomal location between Escherichia coli, Salmonella 
thryhimurium and other enterobacteria. 
The application of ERIC-PCR is also possible in generating a characteristic 
genomic fingerprint for given bacterial species and to create different partern of particular 
-.zUDS by repetitive elemets based on their electrophoretics pattern of amplification 
products and distinguishly ERIC-PCR targets the complete genome and not just one 
11 

gene's single region and genotyping by ERIC-PCR is faster and more cost-effective than 
pulsed-field gel electrophoresis or multi locus sequencing for generating information about 
the genetic similarity of bacterial strains (Marshall et aI. , 1999; Ventura el aI., 2003). For 
many organisms it possesses a higher discriminatory ability than that of other quick-typing 
techniques, leading to its increased frequency of use. Furthermore, it could be performed 
using either extensively purified DNA or crude DNA prepared from colonies of agar 
(Rafiee et ai., 2000). 
Rivera el ai, (1995) reported the first application of ERIC-PCR generated fingerprints to 
differentiate toxigenic and nontoxigenic strains of V cholerae serogroups isolated from the 
environment and successfully isolated 15 different fingerprint of V cholerae non-O 1 
isolates,3 fingeprints of 01 isolates and 1 fingerprint for 0139 from a total of83 isolates of 
V. cholerae. This result indicated that non-Ol isolates were a diversed and independent of 




MATERIAL AND METHODS 
3.1 Materials 
3.1.1 Sample collection, enrichment and isolation: 
1. Alkaline Peptone Water (APW), pH 8.5-8.6 
2. Thiosulfate Citrate-Bile-Sucrose (TCBS) Agar (Oxoid, UK) 
3. Luria-Bertani (LB) Broth (Fluka, Switzerland) 
3.1.2 Identification of bacterial strains (Standard Biochemical Test): 
1. SIM Agar (Oxoid, UK) 
2. Kligler Iron Agar (KIA) (Oxoid, UK) 
3. ONPG Test Reagents (Sigma, Germany) 
,N. N', N '- Tetramethyl-p-phenylenediamine dihydrochloride ( Oxoid, UK) 
. 10/0, 3%, 6% NaCI (Oxoid, UK) 
6. Triple Sugar Iron Agar (TSI) (BBL, USA) 

7.2% H202 (Sigma, Germany) 
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3.1.3 DNA preparation (PCI extraction) 
l. 	IX TE Buffer pH 8.0 
2. Proteinase K (Promega, USA) 
3. 10% SDS (Bio-Rad, USA) 
4. PCI [Phenol-chloroform-isoamyl alcohol (25 :24: 1) ] 
5. 3 M K-Ac, pH 4.5-5.5 (Hamburg, Germany) 
6. Cold isopropanol (R & M, UK) 
7.70% Ethanol (Hamburg, Germany) 
8. 1 liter ddH 2 0 
.1.4 PCR Assay (Detection of omp-W gene) 
1. lOX PCR Buffer (promega, USA) 
2 	5 pmoVJ.l.I Forward ompW Primer 
S -CAC CAA GAA GGT GAC TTT ATT GTG-3 ') (MWG, Germany) 
3.5 pmoVJ.l.l Reverse ompW Primer 
(5 -G~A crr ATA Ace ACC CGC G-3 ' ) (MWG, Germany) 
10 mM Deoxynucleosi de triphosphate (Promega,USA) 
.25 mM MgCh (Promega,USA) 
•Toq DNA polymerase (Promega, USA) 
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